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Abstract 
 
 
The  Worsley  Alumina  engineering  internship  provides  six  months  full  time  work 
experience on real world engineering projects. From August 2009 to February 2010 
the intern will be involved in a variety of engineering projects which will provide 
opportunities for both professional and personal development. The internship will 
provide valuable insight into the engineering profession and the resources industry. 
 
The  purpose  of  this  report  is  to  convey  the  major  projects  that  the  intern  was 
involved in during the first three months of the internship at Worsley Alumina. The 
report  will  cover  the  Worsley  Alumina  refinery  process,  a  discussion  on  the 
internship  projects  and  a  description  of  the  time  management  strategies 
implemented.  
 
The major engineering projects that the intern was involved in during the first four 
months of the internship were: 
 
  Investigation into Web Based Surveys 
  Development of the Engineering Diagnostic Tool 
  Investigation into Programming Differences of the Reclaimers 
  Development of the Multi-fuel Cogeneration Generator Display Screens  
 
Overall,  this  report  will  show  that  the  Worsley  Alumina  internship  has  been  an 
excellent learning experience for the start of the intern’s career in engineering.  
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Disclaimer 
 
 
All of the work discussed in this report is the work of the author unless otherwise 
referenced. 
 
I declare that the following to be my own work, unless otherwise referenced, as 
defined by Murdoch University’s policy on plagiarism. 
 
 
 
……………………………………. 
 
Adam Black 
November 2009 
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1. Introduction 
 
From  August  2009  to  February  2010,  the  intern  is  being  employed  as  a  Process 
Control Intern at the BHP Billiton Worsley Alumina Refinery  near Collie, Western 
Australia. Worsley Alumina is a joint venture with BHP Billiton (86%), Japan Alumina 
Associates (10%) and Sojit Alumina (4%) [1]. Worsley Alumina manages a bauxite 
mine, refinery and port operations in Western Australia’s South-West.  
 
The  purpose  of  this  report  is  to  convey  the  major  projects  that  the  intern  was 
involved in during the first three months of the internship at Worsley Alumina. These 
projects were the: 
 
  Investigation into Web Based Surveys  
 
  Development of the Engineering Diagnostic Tool 
 
  Investigation into Programming Differences of the Reclaimers  
 
  Development of the Multi-fuel Cogeneration Generator Display Screens  
 
This report is organised into three sections which include a general discussion on the 
Worsley Alumina operations, the major projects undertaken by the intern and the 
time management strategies implemented.  
 
Overall,  this  report  will  show  that  the  Worsley  Alumina  internship  has  been 
progressing very well for the first three months of the internship.  
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2.  Worsley Alumina Operations 
 
Worsley Alumina operations consist of a bauxite mine, refinery and port operations 
in Western Australia’s South-West.  
 
The history of the Worsley Alumina operations dates back to the early 1960s when a 
group  of  business  people  formed  a  company  to  explore  and  develop  a  known 
bauxite  deposit  on  the  eastern  side  of  the  Darling  Range,  near  Boddington  [1]. 
Construction of the mine and refinery began in 1980 and the company was named 
Worsley after the historic timber settlement near the refinery [2]. 
 
The refinery officially opened in April 1984. By 1985 the Worsley Alumina refinery 
was able to reach its designed production rate of alumina of 1 million tonnes per 
annum (mtpa) [1]. Through an expansion in 1992, 2000 and 2004, this production 
rate of alumina increased to 1.5 mtpa, 3.1 mtpa, and 3.6 mtpa, respectively [2]. 
 
Currently at Worsley Alumina, a $3 billion expansion project is increasing production 
to 4.6 mtpa. Currently, Worsley Alumina directly employs 1200 employees, making it 
the largest employer in the South-West of Western Australia [2] as well as hundreds 
of contractors involved in the current expansion. 
 
Figure 1: The Worsley Alumina Operations [3] 11 
 
3. Bauxite Mine Operations 
 
The Worsley Alumina bauxite mine is situated near Boddington, Western Australia. 
The  bauxite  is  mined  and  crushed  at  the  Boddington  mine  then  transported  51 
kilometres over a two flight conveyor belt system to the refinery, 20 km north-west 
of Collie [1].  
 
The bauxite is typically found under 0 to 3 meters of topsoil which needs to be 
removed before excavation of the bauxite can occur [1]. The bauxite ore underneath 
is typically 2 to 12 metres in depth [1]. The bauxite deposits are not continuous but 
instead occur in different size ore “pods” mainly on hillsides. 
 
The bauxite pods have two sections of bauxite ore. The first section is “hard capped” 
with  a  strong  iron-rich  layer.  This  section  is  difficult  to  excavate  using  standard 
earthmoving  equipment  and  generally  requires  drilling  and  blasting  before 
excavation can occur. The second section contains relatively soft and friable bauxite 
which can usually be excavated using large front-end loaders. 
 
The  Boddington  mine  goal  is  to  supply  the  refinery  with  bauxite  which  has  a 
relatively constant grade of 30.7% alumina and 1.65% reactive silica content for all 
ore [1]. The bauxite is pisolitic, which means it forms in nearly spherical pebbles, as 
shown in Figure 2. 
 
 
Figure 2: Bauxite ore is red and pebbly [3] 12 
 
3.1 Crushing and Materials Handling 
 
The bauxite ore from the mine is transported to the crushing and material handling 
facilities by haul trucks. The 105 tonne haul trucks dump the bauxite ore either to 
the  run  of  mine  (ROM)  stockpile  or  the  400  tonne  capacity  double-dump  point 
hopper [1]. The purpose of the ROM is to ensure continuity of bauxite supply and 
help  ensure  Worlsey  complies  with  strict  noise  regulations,  particularly  when 
unfavourable weather conditions are present.  
 
The  bauxite  ore  that  enters  the  hopper  is  variable  in  size.  The  purpose  of  the 
crushing Facility is to ensure that 80% of the bauxite ore is 20mm or less before it is 
transported along the overland conveyor [1].  The primary crusher used is a single 
toggle jaw crusher. The output of the primary crusher goes to one of three 3000 
tonne  secondary  crusher  feed  bins  [1].  These  feed  bins  suppy  one  of  the  three 
secondary  crushers,  which  are  impact  crushers.  All  of  the  crushing  equipment  is 
interconnected by apron feeders, which are industrial conveyors typically used in 
mineral processing industries because of their robustness and reliability. 
 
The  crushed  ore  goes  on  to  a  50000  tonne  surge  stockpile  [1].  The  bauxite  is 
extracted  from  this  stockpile  from  belt  feeders  which  control  the  bauxite  being 
delivered to the accelerator conveyor belt. The accelerator conveyor belt feeds the 
first flight of the overland conveyor. 
 
Figure 3: Bauxite Mine Crushing and Materials Handling Operation [1] 13 
 
3.2 Overland Conveyor 
 
The overland conveyor’s purpose is to deliver the bauxite from where it is mined to 
the refinery. The overland conveyor is 51km long and consists of two flights [1]. The 
first flight of the overland conveyor is 31 km long and the second flight is 20 km long 
[1]. The conveyor is of the cable belt design and is powered by two AC electric 
induction motors on each end of each conveyor. The overland conveyor runs at 
approximately 23 km/h and is currently the longest cable belt conveyor in the world 
[1].  The  overland  conveyor  provided  the  most  economical  method  of  bauxite 
transportation. 
 
 
 
 
Figure 4: Overland Conveyor [1] 
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4. Refinery Operations 
 
The refinery’s purpose is to refine the bauxite into almost pure alumina. The refinery 
uses a modified Bayer process to refine bauxite into aluminium smelter quality, 99% 
pure, alumina.  
 
The discussion on how the Worsley Alumina refinery refines bauxite into alumina will 
be covered in five sections: 
1.  Raw Materials 
2.  Area 1 – Digestion 
3.  Area 2 – Clarification 
4.  Area 3 – Precipitation 
5.  Area 4 – Calcination 
 
The layout of these sections of the refinery is shown diagrammatically Figure 5 below. 
 
 
Figure 5: The Layout of the Refinery Areas [1] 15 
 
4.1 Raw Materials 
 
The major raw materials that are required to operate the alumina refinery are 
bauxite, water, caustic soda solution, coal, and fuel oil.  
4.1.1 Bauxite Blending and Storage 
 
The bauxite quality from the bauxite mine can vary considerably from day to day. 
This variability is not good for an alumina refinery because the bauxite quality can 
act as a disturbance to the Bayer process which will ultimately vary the process 
conditions of the refinery.  
 
To minimise this effect, the bauxite is blended. The overland conveyor delivers the 
bauxite to one of two stacker feed conveyors which are each connected to twin-
boom stackers. Each twin-boom stacker has a stockpile either side which can hold up 
to 200000 tonnes of bauxite [1]. In total, there are four stockpiles which have the 
potential to hold 800000 tonnes of bauxite [1]. The bauxite is blended using stockpile 
blending techniques, which involves creating a Chevron type bauxite stockpile, as 
shown in Figure 6. A Chevron type bauxite stockpile contains several different grades 
of bauxite which are layered one after the other [1]. When bauxite is reclaimed from 
the  bauxite  stockpiles  an  average  of  the  grades  is  delivered,  which  results  in  a 
relatively constant bauxite quality being delivered to the refinery.  
 
Figure 6: A Chevron type Bauxite Stockpile [1] 16 
 
4.1.2 Water 
 
Water is  delivered to the  refinery from  the fresh  water  lake  at the head  of  the 
Augustus-Brunswick catchment area [1]. The water is pumped to the refinery where 
it  is  treated by  the  water  treatment  plant on-site.  After treatment, the  water  is 
drinking water quality. The water is used for a variety of purposes such as for process 
water, safety showers, fire sprinklers, and drinking water [1]. 
 
4.1.3 Caustic Unloading and Storage 
 
Caustic  is  used  as  the  leaching  solution  in  the  Bayer  process.  The  liquid  caustic 
solution is 50% in concentration and is delivered to the refinery by railway tankers 
from the Bunbury Port [1]. When the train arrives at the refinery the railway wagons 
storing the caustic solution are connected to a compressed air line which supplies air 
at 140 kPa [1]. This is used to pressurize the wagons, forcing caustic solution through 
a separate pipeline to a caustic unloading tank. 
 
From the caustic unloading tank the caustic is pumped to a caustic storage tank. The 
caustic  storage  tank  has  trace  heaters  which  ensure  the  caustic  is  stored  at  a 
temperature greater than 12 °C, which is the temperature that the caustic solution 
freezes at. Pumps deliver caustic to around the refinery on demand. 
 
On average, there are four caustic trains per day, six days a week [1]. The refinery’s 
monthly caustic usage is approximately 10000 tonnes [1].  
 
 
 
 
 
 
 17 
 
4.1.4 Coal Unloading and Storage 
 
Coal is the main source of energy for the generation of power and steam at the 
refinery. The coal arrives to the refinery from Collie in a train carrying 20 wagons, 
each holding 40 tonnes [1]. The refinery uses around 2000 tonnes per day of coal [1]. 
 
The coal trains have a bottom-dump mechanism which allows the train to stop on 
top of the coal storage pit and dump the coal inside the wagons. Bulldozers are used 
to spread the coal from underneath the bridge where the coal is dumped to around 
the pit. A feed conveyor transports the coal from the storage pit to the powerhouse 
Facility for power and steam generation. A photo of the coal unloading bridge is 
shown below in Figure 7. 
 
 
Figure 7: The Coal Unloading Bridge [1] 
 
4.1.5 Fuel Oil Unloading and Storage 
 
The fuel oil is used as an additional source of energy for the powehouse. The fuel oil 
is delivered to the refinery by road tankers at an as-required interval. The fuel oil is 
unloaded by pumps which direct the fuel oil to storage tanks.  
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4.2 Area 1 - Digestion 
 
Area 1 is resposible for carrying out the digestion stage of the Bayer process. The 
principle function of digestion is to disolve alumina out of the bauxite ore into a hot 
caustic solution. 
 
The Processing Facilities in Area 1 are shown below in Table 1. 
 
 
Table 1: The Processing Facilities in Area 1 of the Refinery 
Facility Number  Facility Title 
024  Bauxite Grinding 
026  Desilication 
030  Digestion 
 
 
The Hazardous Chemical Facilties in Area 1 are shown below in Table 2. 
 
Table 2: The Hazardous Chemical Facilties in Area 1 of the Refinery 
Facility Number  Facility Title 
025  Lime Slaking 
106  Lime unloading and storage 
107  Acid unloading and storage 
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4.3 Area 1 - Processing facilities 
4.3.1 Facility 024 - Bauxite Grinding 
 
Bauxite from the bauxite feed bins is transported along weight-control fed conveyors 
to a grinding circuit. In total, there are three bauxite feed bins and four grinding 
circuits. Each of the grinding circuits consists of a rod mill, a ball mill, dust collectors, 
screens filters, and classifier feed pumps [1].  
 
The grinding circuit begins with a rod mill which is control fed bauxite and spent 
liquor. Spent liquor is a caustic solution which has previously been circulated through 
the refinery process and is being recycled. The two inputs mix within the rod mill to 
create viscous slurry with relatively high percentage solids. 
 
The slurry from the rod mill is stored for a short period of time in an intermediate 
tank and then pumped into a set of Dutch State Mines (DSM) filter screens. These 
screens are designed to only allow bauxite with a size of 1.2 mm or less to pass 
through [1]. The bauxite that falls through the DSM screens go into desilicator feed 
tanks and the remaining slurry goes into a ball mill with more spent liquor for further 
size reduction.  The output of the ball mill is added to the intermediate tank that 
contained the rod mill output. From the intermediate tank the process continues 
through to the DSM screens.  
 
4.3.2 Facility 026 – Desilication 
 
The purpose of desilication is to neutralize the reactive silica content in the slurry. 
The reactive silica needs to be neutralized so that it does not form scale in pipes 
which could restrict flow [1]. Another problem associated with reactive silica is that 
it can remain in the alumina final product as a contaminate. 
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The process of neutralizing the reactive silica involves heating the slurry at 98 °C for 
approximately seven to nine hours. This heating is achieved using direct injection of 
steam at 450 kPa [1]. The desilication circuit involves five tanks in series which are 
interconnected by pumps and splitter boxes [1]. The purpose of the splitter boxes is 
to recirculate some of the slurry going from one tank to the other. Over this time the 
reactive silica reacts with sodium, alumina and other components in the bauxite to 
form a disilicated product (DSP). When the reactive silica has been converted to DSP 
in desilication, the slurry is pumped to the digester feed tanks. 
4.3.3 Facility 030 - Digestion 
 
The purpose of digestion is to dissolve the solid alumina in the slurry.  The slurry is 
mixed with spent liquor in correct proportions to achieve an  optimal alumina to 
caustic (A/C) ratio at the end of the digestion process [1].  
 
The underflow of the digester feed tanks is heated in five slurry heaters until the 
slurry has a temperature of 175 °C and a pressure of 700 kPa. These are the best 
process conditions that aluminium hydrate reacts with caustic soda to form sodium 
aluminate [1]. The heated and pressurized slurry is pumped into the digester where 
the chemical reaction shown in Equation 1 occurs.  
 
Equation 1: Digestor Chemical Reaction [1] 
This process has a residence time of approximately 20 minutes and after this time 
almost all of the alumina in the bauxite is dissolved in solution as sodium aluminate 
[1]. 
 
The slurry from the digesters then passes through a series of flash vessels which are 
designed to intermediately reduce the pressure and temperature of the slurry. The 
slurry  that  exits  the  last  flash  vessel  is  called  digester  blow-off  (DBO)  and  is 
unpressurized and at a temperature of 107 °C [1].  21 
 
4.4 Area 1 – Hazardous Chemical Facilities 
 
4.4.1 Facility 106 - Lime unloading and storage 
 
Lime has two very important purposes in an alumina refinery: 
1.  Causticising – This process is needed to recycle plant liquor so that it is able 
to dissolve alumina again [1].  
 
2.  Lime  Ageing  –  This  process  converts  sodium  aluminate  into  tri-calcium 
aluminate (TCA) which acts as a pre-filter to filter clothes [1]. This prolongs 
the life of the filter, as illustrated in Figure 8. 
 
Lime is delivered to the refinery by train, usually carrying 12 railway wagons at a 
time [1]. The lime is transported from the wagons to the storage silos by pressurizing 
the wagons with air. 
 
Figure 8: Illustrating the benefit of Lime Ageing in prolonging the life of the filter [1] 
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4.4.2 Facility 025 - Lime Slaking 
 
The lime in the storage silos is control-fed onto a conveyor belt into an agitated tank 
called a slaker. In the slaker, the lime is mixed with process water to form lime slurry. 
The mixing is done by a ratio control system which mixes the reagents at a ratio of 4 
to  1  [1].  The  bottom  content  of  the  slaker  contains  coarse  grit  and  is  removed 
intermediately and put into a skip bin for disposal. The rest of the lime slurry goes 
through a gyratory screen to remove the fine grit. The fine grit is also put into the 
skip bin for disposal. The skip bin is periodically emptied at the Bauxite Residue 
Disposal Areas (BRDA’s). 
 
 The final, grit free, lime slurry goes into a transfer tank and is ready to be used for 
caustising or lime ageing.  
 
4.4.3 Facility 107 - Acid unloading and storage 
 
Hydrochloric  and  sulfuric  acid  are  used  for  cleaning  purposes  [1].  The  acids  are 
delivered  by  road  tanker  on  an  as-required  basis.  Hydrochloric  acid  is  used  for 
cleaning calcium deposits which form on pipes, heaters, and vessels [1]. Sulfuric acid 
is used for cleaning heaters and by the Powerhouse for water treatment [1]. 
 
All  of  the  acid  distributed  for  different  jobs  is  diluted  to  a  different  strength, 
depending on the work requirements. 
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4.5 Area 2 - Clarification 
 
Area 2 is resposible for carrying out the clarification stage of the Bayer process. The 
principle function of clarification is to separate the red mud and the green liquor. 
Green liquor is caustic soda solution rich is disolved alumina. 
 
The processing facilities in Area 2 are shown below in Table 3. 
 
Table 3: The Processing Facilities in Area 2 of the Refinery 
Facility Number  Facility Title 
032  Flocculant Mixing and Storage 
033  Clarification and Causticisation 
034  Bauxite Residue Filtration and Sand Washing 
035  Green Liquor (Polishing) Filtration 
 
4.5.1 Facility 032 – Flocculent Mixing and Storage 
 
The  purpose  of  flocculent  mixing  and  storage  is  to  receive,  mix  and  store  the 
flocculent powders [1]. Flocculent is delivered to the refinery by trucks and unloaded 
by  truck  staff.  The  flocculent  is  used  as  a  settling  agent  to  remove  the  bauxite 
residue from the slurry. 
There are two types of flocculants used in the refinery: 
1.  Liquid and Powder Synthetic Flocculent 
 
This type of flocculent is used in the settlers and washer tanks in Clarification 
and Caustication, Facility 033 [1]. 
 
2.  Natural Flocculent (Starch) 
This type of flocculent is used in the final washers to assist mud filtration and 
to control tank clarity [1]. 
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4.5.2 Facility 033 – Clarification and Causticisation 
 
The  purpose  of  clarification  is  to  separate  the  alumina-enriched  liquor  from  the 
bauxite residue.  
 
The digester blow-off slurry from Area 1 is pumped into the settler circuit in Area 2. 
The settler circuit has 5 settlers, which are configured in series [1]. Only four settlers 
are online at any one time, while the other settler is a spare [1]. The spare settler 
comes online when one of the settlers needs to go offline for cleaning purposes. 
 
Flocculent  is  automatically  added  to  the  settlers  based  on  the  feed  rate  of  the 
digester  blow-off  from  Area  1.  The  flocculent  aids  in  the  separation  process  of 
bauxite residue and alumina-enriched liquor.  
 
The  overflow  from  the  settling  tanks  is  alumina-enriched  liquor  which  has  been 
clarified  of  all  but  fine  solids.  The  overflow  is  stored  in  a  continuously  stirred 
overflow  tank.  The  liquor  is  mixed  with  Tri-Calcium  Aluminate  (TCA).  The  TCA  is 
made in Area 2 by mixing lime slurry with some of the contents from the overflow 
tank. The mixed solution is pumped to the polishing filters to remove the fine solids 
still in the liquor. The TCA acts as a pre-filter, holding the very fine solids at the face 
of the cloths rather than blocking the filter [1]. The filtered liquor moves onto Area 3 
for precipitation.  
 
The underflow from the settlers settling tanks is bauxite residue, also known as red 
mud.  The underflow is stored in a continuously stirred cyclone feed tank. The slurry 
in this tank is pumped to the hydrocyclones when required. The hydrocyclone is 
designed to separate the particles in the red mud based on the densities of the 
particles. The heavy particles become the underflow and the light particles become 
the overflow. The underflow from the hydrocyclone is coarse sand particles and this 
is pumped to the sand classifiers in Facility 034.  The overflow from the hydrocyclone 
is liquor and fine mud particles and this is pumped to one of the two washer trains, 
each containing 4 washers in series [1].  25 
 
 
The washers are configured in a counter-current decantation (CCD) circuit [1]. The 
CCD circuit moves the mud in one direction down the train towards the filters while 
the wash liquor moves in the opposite direction towards the settlers. The red mud in 
the series of washers contains less caustic soda after each washer, while the wash 
liquor  moving  in  the  opposite  direction  is  increasing  in  caustic  soda  after  each 
washer. 
 
The mud from the underflow of the last washer is pumped to the red mud relay tank 
and pump to the bauxite residue disposal area (BRDA). The overflow of the first 
washer is pumped to the causticisation tank to regenerate caustic soda, as shown in 
the chemical reaction in Equation 2. From the causticisation tank the caustic soda is 
mixed with digester blow off from Area 1 and pumped into the settlers to start the 
Area 2 process again. 
 
 
Equation 2: Chemical Reaction occurring in the Causticisation Tank [1] 
 
A process flow diagam of Area 2 is shown on the following page in Figure 9 to assist in the 
understanding of the interconnected unit operations mentioned in this section. 
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Figure 9: Area 2 Flow Diagram 27 
 
4.5.3 Facility 034 - Sand Washing 
 
Facility  034  is  responsible  of  classification  of  the  hydrocyclone  underflows  from 
Facility 033.  This Facility does this by utilising multi-stage sand spiral classifiers to 
separate  coarse  sand  and  caustic  soda.  The  sand  classifiers  are  special  screw 
conveyors  installed  on  an  incline  [1].  There  are  five  sets  of  sand  classifiers,  but 
usually only three operate at any one time [1]. 
 
The first sand classifier in the set receives the hydrocyclone underflow containing a 
mixture of coarse sand and liquor at the bottom of the incline. The screw conveyor is 
spinning at a constant speed which transports coarse sand up the screw conveyor 
while the liquor runs down the slope to collect in an overflow launder [1]. The liquor 
from the launder is pumped back to the washers in Facility 033. The sand is washed 
two or three times, depending on the number of classifiers in the set, before being 
pumped to the red mud relay tank for disposal to the bauxite residue disposal area 
(BDRA) [1]. 
 
4.5.4 Facility 035 - Green Liquor (Polishing) Filtration 
 
The purpose of Facility 035 is to remove the fine bauxite solids remaining in the 
green liquor from the settlers in Facility 033. There are twenty pressure filters in 
total but usually only fifteen are online at any one time. TCA is added to the green 
liquor to extend the life of the pressure filters. The pressure filters are configured in 
parallel which means the green liquor only goes through one pressure filter before 
producing a clear filtrate for further processing in Area 3.   
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4.6 Area 3 - Precipitation 
 
Area 3 is resposible of carrying out the precipitation stage of the Bayer process. The 
principle  function  of  precipitation  is  to  produce  aluminium  hydrate  crystals. 
Precipitation  occurs  when  the  alumina-rich    caustic  soda  solution  is  cooled  and 
seeded with clean aluminium hydrate crystals.  
 
The Processing Facilities in Area 3 are shown below in Table 4. 
 
Table 4: The Processing Facilities in Area 3 of the Refinery 
Facility Number  Facility Title 
040  Spent Liquor Evaporation 
041  Green Liquor Heat Interchange 
042  Process Trim Evaporation 
045  Precipitation and Heat Interchange (Flash 
Cooling) 
046  Seed Seperation, Filtration and Hydrate 
Classification 
180  Water Treatment and Storage Plant 
 
4.6.1 Facility 040 – Spent Liquor Evaporation 
 
The purpose of Facility 040 is to maintain a pre-determined caustic concentration in 
the spent liquor by removing water. This  Facility contains two trains which each 
contain 6 flash vessels and 2 barometric condensers in series [1].  
 
The evaporators use vacuum pumps to intermediately reduce the pressure inside the 
flash  vessel  in  series.  The  temperature  of  the  spent  liquor  is  controlled  using 
corresponding heat exchanges for each flash vessel. By controlling the temperature 
of the spent liquor and the pressure inside the flash vessel, the water in the spent 
liquor is boiled off at a rate which will produce spent liquor with a desired caustic 
concentration.  29 
 
The spent liquor is pumped through condensers, which cool the water vapour that 
has  boiled  off  from  the  spent  liquor  and  removes  it  from  the  solution.  The 
concentrated spent liquor is pumped to Area 1 for reuse and the water vapour is 
pumped to the Refinery Catchment Lake (RCL). 
 
4.6.2 Facility 041 – Green Liquor Heat Interchange 
 
The purpose of Facility 041 is to decrease the temperature of the green liquor so it is 
at  an  optimal  temperature  before  it  enters  the  precipitation  circuit.  This 
temperature change is done by a series of plate heat exchangers [1]. 
 
The heat exchanger is fed a relatively cool liquid, which is spent liquor that needs 
heating up, and a relatively hot liquid, which is green liquor that needs cooling down. 
The heat interchange is an efficient method of reducing the energy requirements for 
heating and cooling. 
4.6.3 Facility 042 – Process Trim Evaporation 
 
The purpose of Facility 042 is to maintain a pre-determined caustic concentration in 
the  spent  liquor  by  removing  water.  Facility  042  has  the  same  configuration  as 
Facility  040,  but  the  unit  equipment  is  newer,  larger,  and  more  efficient.  This 
equipment was brought online through a previous Worsley expansion to increase 
the capacity of Facility 040. 
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4.6.4 Facility 045 – Precipitation and Heat Interchange (Flash Cooling) 
 
The  purpose  of  Facility  045  is  to  create  favourable  process  conditions  for 
precipitation of aluminium hydrate from green liquor.  
 
The  precipitation  is  primarily  based  on  secondary  nucleation  which  occurs  when 
precipitation  occurs  on  seeding  crystals  in  the  solution  [9].  This  method  of 
precipitation is found to be the most effective method and it allows easy control of 
precipitation  without  any  unstable  operating  conditions  [9].  The  precipitation 
chemical equation is shown in Equation 3. 
 
 
Equation 3: Precipitation of Alumina [1] 
 
Precipitation occurs in one of three trains of precipitation tanks.  
 
Trains 1 and 2 are configured with five precipitation tanks, where the first three 
tanks are mechanically agitated while the fourth and fifth are air agitated [1]. The 
liquor overflow from the first precipitation tanks in trains 1 and 2 is pumped to the 
thickeners in Facility 046. The aluminium hydrate crystals settle at the bottom of the 
last precipitator tank. The slurry rich in aluminium hydrate crystals from the bottom 
of this precipitator is pumped to the product cyclones [1]. 
 
Train 3 is configured with only three precipitation tanks, where all three tanks are 
mechanically  agitated  [1].  The  slurry  from  the  final  precipitator  is  pumped  to  a 
hydrocyclone where the slurry is separated into coarse and fine crystals. The coarse 
crystals go to Area 4 for calcinations, while the fine crystals and spent liquor are 
pumped to Facility 46 to form seed slurry. 
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Before and after each of the precipitation tanks flash cooling of slurry is done in 
Facility  041.  This  ensures  that  the  temperature  in  each  of  the  precipitators  is 
maintained at optimal precipitation temperatures. 
 
4.6.5 Facility 046 – Seed Separation, Filtration and Hydrate Classification 
 
Seed Separation 
 
The purpose of seed separation is to separate aluminium hydrate seed and spent 
liquor.  The seed separation occurs in fine and coarse seed thickeners. There are 2 
fine seed thickeners, 2 coarse seed thickeners, and a spare thickener for when a 
thickener needs to come offline. The fine seed thickeners are fed from the overflow 
of the hydrocyclone in Facility 045. The coarse seed thickeners are fed from the final 
overflow from train 1 and 2 precipitator tanks.  
 
The overflow from the thickeners is spent liquor and is sent to Faculty 041 to be 
heated up by the plate heat exchangers before being pumped back to Area 1 to 
recycle  throughout  the  refinery.  The  fine  and  coarse  seed  is  pumped  from  the 
bottom of the settling tanks to the filter building in the same Facility. 
 
Filtration 
 
The filter building has two separate sections, one for fine seed filtering and one for 
coarse seed filtering.  
 
The fine seed section has a fine seed storage tank and 10 rotary drum vacuum filters 
[1].  The  first  6  rotary  drum  filters  produces  a  filter  cake  which  contains  the 
contaminate oxalate [1]. The filter cake is removed by applying a vacuum on the 
outside of the filter cloth. The liquor is removed by applying a vacuum on the inside 
of the filter cloth. The liquor is intermediately stored in one of two liquor filtrate seal 
tanks and then pumped back to the fine seed thickeners. The seed cake is dissolved 32 
 
in hot condensate in one of two dissolver tanks and then pumped  to the next 4 
rotary drum filters. The oxalates are readily dissolved and easily pass through the 
drum  filter.  The  oxalate  solution  is  stored  in  liquor  filtrate  seal  tanks,  which  is 
pumped to the liquor purification process plant.  
 
The coarse seed section consists of three disc filters which separate the coarse seed 
from the liquor [1]. The liquor becomes spent liquor for recirculation and the coarse 
seeds are mixed with green liquor and returned to the precipitation trains. 
 
Hydrate Classification 
 
The hydrate classification is comprised of two systems, the product system and the 
seed system.  
 
The  product  system  consists  of  product  cyclones  which  are  fed  from  the 
precipitation  trains  aluminium  hydrate  slurry  [1].  The  product  cyclones  are  fed 
tangentially  and  separate  the  heavier  material  from  the  lighter  material.  The 
underflow is primarily aluminium hydrate crystals which are pumped to Area 4 for 
filtering and calcination. The lighter material flows into the seed cyclone feed tank. 
 
The seed system consists of two tanks, the fine seed and the seed cyclone feed tank, 
and the seed cyclones [1]. The fine seed tank stores the fine seed underflow from 
the fine seed tank. The seed cyclone feed tank stores the product cyclone overflows 
and  the  coarse  seed  underflow.  The  tanks  feed  into  separate  cyclones.  The 
underflow is pumped to the coarse seed tank for filtration. The overflow goes to fine 
seed thickeners. 
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4.6.6 Facility 180 – Water Treatment and Storage Plant 
 
The purpose of Facility 180 is to provide the plant with filtered water for drinking 
and the fire system. Raw water is pumped from the fresh water lake to a storage 
tank in Facility 180.  
 
For drinking quality water, the raw water from the raw water storage tank is pumped 
through a microfiltration system where bacteria and impurities are removed [1]. The 
water is pumped to a treated water storage tank, where chlorine is added. 
 
For fire system water, the raw water from the raw water storage tank is pumped 
through Culligan filters which remove impurities [1]. The water is pumped to a fire 
water storage tank, where chlorine is added. 
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4.7 Area 4 - Calcination 
 
Area 4 is resposible for carrying out the calcination stage of the Bayer process. The 
principle function of calcination is to heat the the aluminum hydrate crystals to a 
temperature which boils off the water of crystalisation.   
 
The Processing Facilities in Area 4 are shown below in Table 5. 
 
Table 5: The Processing Facilities in Area 4 of the Refinery 
Facility Number  Facility Title 
043  Liquor Purification and Oxalate Degradation 
044  Liquor Burning Plant 
050  Alumina Hydrate Filtration, Washing, and 
Calcination 
 
4.7.1 Facility 043 - Liquor Purification and Oxalate Degradation 
 
The purpose of Facility 043 is to purify the spent liquor before it is recycled through 
the Bayer process again. There are three sections in this Facility, the spent liquor 
evaporation  section,  the  spent  liquor  crystallisation  section,  and  the  oxalate 
degradation plant [1]. 
 
The  spent  liquor  evaporation  section  is used  to  remove  water  from  the  refinery 
recycling process loop. Water into the refinery occurs from bauxite, caustic soda, 
seed washing, the counter current decantation (CCD) solution, liquid flocculent, lime 
slurry,  and  the  direct  heating  from  steam  in  desilication.  The  spent  liquor  goes 
through 8 heaters and associated evaporators to a condenser to reduce steam to 
water for removal from the spent liquor [1].  
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The crystallisation section removes the oxalate crystals from the spent liquor. The 
spent liquor is pumped through 3 crystalliser tanks in series which are maintained at 
temperatures which maximise crystallisation of oxalate crystals [1]. The crystallised 
solution is pumped through one of four disc filters which produce a filter cake, rich in 
oxalates, and a filtrate. The filter cake is send by a conveyor belt to the oxalate 
degradation plant and the filtrate is sent back to the seed thickeners in Area 3. 
 
The oxalate degradation plant purpose is to utilise microorganisms to break down 
the sodium oxalate and other organic residue dissolved in the spent liquor [1]. There 
are two reaction tanks which are batch operated, one operating on day shift and the 
other operating on night shift. Urea and air are added to the reaction tanks, which 
provide ideal process conditions for microorganisms to flourish and a fast rate of 
degradation of the sodium oxalate to sodium carbonate [1]. The oxalate-reduced 
spent liquor is pumped to the red mud filtration building in Area 2.  
 
4.7.2 Facility 044 –Liquor Burning Plant 
 
The purpose of Facility 044 is to remove all disolved organic material in the spent 
liquor before it is recycled throughout the refinery. This Facility does this in three 
separate sections: evaporation, drying, and filtration. 
 
The evaporation section’s purpose is to concentrate the feed into the liquor burning 
plant. The feed going into he liquor burner plant is a mixture of spent liquor and 
oxalate-rich slurry from Facility 043. The mixture is heated up to 125 °C by a shell 
and tube heat exchanger with 450 kPa steam [1]. The mixture goes through three 
flash vessels in series which are designed to increase the solids concentration of the 
slurry. One flash vessel is always offline as a spare for redundancy purposes. After 
the feed has gone through this circuit 60% of the water is removed [1]. 
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The  drying  section  has  three  purposes:  to  continue  increasing  the  solids 
concentration of the spent liquor by reducing water content, burning off carbon, and 
continuing the reaction between alumina and caustic soda [1]. The first part of this 
section involves a drying circuit which is fed the spent liquor from the evaporator 
section and the kiln’s exhaust gases to continue drying the slurry. The second part of 
this  section  is the  rotary  liquor burning  kiln  which burns  off  the  carbon  content 
remaining in the spent liquor. The kiln is 58 metres long and 4.2 meters in diameter 
and is driven by a variable voltage, variable frequency (VVVF) drive which spins the 
rotary kiln [1]. The third part of this section involves pumping the kiln product to a 
fluid bed cooler (FBC) which cools the product. Lastly a leech tank mixes the kiln 
product with water and the product is pumped to the filter feed tank which stores 
the hydrated product before it is pumped to the filtration section. 
 
The  filtration section’s purpose is to remove all sulfur components remaining in the 
slurry. This section does this by four fully automated filter presses which are fed 
from the filter feed tank from the drying section [1]. The filter membranes operate at 
600 to 700 kPa pressure [1]. The filter cake is rich in sulfur compounds and is mixed 
with process water and sent to the bauxite residue disposal area (BRDA). The filtrate 
is clean spent liquor and this is recycled throughout the refinery. 
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4.7.3 Facility 050 - Alumina Hydrate Filtration, Washing, and Calcination 
 
The purpose of Facility 050 is to filter the underflow from the product hydrocyclone 
from  Area  3  and  remove  the  water  content  from  the final  product.  This  Facility 
contains two sections, a filter section and a calcination section. 
 
The filter section is split into two stages, each containing three pan filters. One pan 
filter is offline which can be used as a spare filter if any of the pan filters in either 
stage needs to come offline [1].  The first stage filters remove the liquor from the 
slurry. The liquor is returned to the seed thickeners while the moist hydrate cake is 
automatically  scrolled  off  into  a  re-slurry  tank  and  mixed  with  condensate.  The 
second  stage  filters  remove  the  remaining  liquor  and  impurities.  The  liquor  is 
returned  to  the  seed  thickeners  while  the  moist  hydrate  cake  is  automatically 
scrolled off onto a conveyor belt for transport to the operating calciner hydrate feed 
bin [1]. 
 
The  calcination  section  begins  with  a  short  weight-control  fed  conveyor  which 
controls the amount of aluminium hydrate entering a venturi dryer. The dryer heats 
the aluminium hydrate to a temperature of 170 °C which removes some moisture 
before  entering  an  electrostatic  precipitator  [1].  The  electrostatic  precipitator 
ensures that the aluminium hydrate does not escape with the waste gas exhaust 
which exits out of the venturi dryer to a 58 meter stacker [1]. 
 
The venturi dryer aluminium hydrate is transported to the next venturi dryer which 
operates at a significantly higher temperature of 900  °C [1]. At this temperature 
most  of  the  crystallised  water  is  driven  off  and  the  chemical  reaction  shown  in 
Equation 4 occurs.  
 
Equation 4: Calcination Chemical Reaction [1] 
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The  alumina  is  sent  through  a  cyclone  which  separates  the  hot  gases  from  the 
alumina. The cyclone underflow is passed through a fluid bed calciner (FBC). The 
alumina in the FBC is mixed with natural gas, air, and a recirculating mass of calcined 
alumina. The calcined alumina is control fed from the calciner to heat exchangers by 
the measurement of loss of ignition (LOI) of the natural gas burner [1]. From the heat 
exchangers, the alumina cools from 700 °C to 85 °C [1]. The alumina is sent to Facility 
051 which has the alumina storage silo. 
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5. Investigation into Web Based Surveys Project 
 
5.1 Introduction 
 
The  aim  of this  project  is  to  investigate  a  variety  of different  web based  survey 
providers to find the best provider to meet the Process Control group’s needs. A list 
of desirable features required for the web based survey provider will be outlined. To 
help make the decision to assess which web based survey provider is best, each of 
the features will be given a weighting based on the importance of these features to 
the  Process  Control  group.  A  selection  matrix  will  assist  in  making  an  unbiased 
decision on which online survey provider is best to suit the Process Control group’s 
requirements.  Therein,  a  more  efficient  method  of  conducting  a  survey  will  be 
attained. 
 
5.2 Project Time Management 
 
This project was estimated to take two weeks to complete. For a five day working 
week,  this  accounts  to  ten  days  of  work.  The  table  below  illustrates  how  the 
project’s time was allocated for the five different phases of the project. 
 
Table 6: Investigation into Web Based Surveys Project Time Allocation 
Objectives  Time Taken (Days) 
Choosing which web based surveys to 
investigate 
2 
Deciding on weighting for desirable features  1 
Investigating Web Base surveys  4 
Create a Project Report   2 
Create a Tutorial for the best Web Based 
Survey Provider 
1 
Overall Time Allocated for Project  10 days 
 
 
The project was successful in keeping to the project’s time management plan. 
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5.3 Requirements of Web Based Surveys 
 
The Process Control group would like to find a web based survey provider which will 
best satisfy their requirements. To help find the best web based survey provider a 
selection matrix will be utilised to make this decision. In order to create a selection 
matrix,  a  set  of  desirable  features  and  their  relative  importance  to  the  Process 
Control group must be known. Since the requirements have varying importance to 
the Process Control group each requirement is given a weighting based on their 
importance. The weightings used for each of the requirements was decided by the 
project supervisor. 
 
Table 7 provides a summary of the Process Control group’s desired features and their 
associated weightings. 
 
Table 7: The weightings of the requirements of web based surveys 
Desired Requirements of Software  Weightings 
Survey Deployment Options  20% 
History  20% 
Pre-Configured Surveys  10% 
Price  10% 
Time Required to Post Surveys  10% 
User Friendly  10% 
Ability to take complaints  5% 
Number of Surveys/Respondents 
permitted 
5% 
Survey Question Types  5% 
Presentation of Results  5% 
Total  100% 
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5.4 Web Based Surveys Tested 
 
A range of different online surveys were tested to ensure that the best web based 
survey provider would be found to meet the Process Control requirements. These 
were from four different categories: 
 
1) Paid Online Survey Provider 
2) Free Online Survey Provider 
3) Survey Creator Software 
4) Open source HTML 
 
The survey providers that were investigated in these categories: 
1) Paid Online Survey Provider 
Zoomerang 
Survey Gizmo 
 
2) Free Online Survey Provider 
Google Documents 
Survey Bob 
 
3) Software to create Web Based Surveys 
Survey Gold 
I Magic Survey Designer 
Form Artist 3.5 
 
4) Open source HTML Survey 
Basic HTML survey which sends results via email 
 
However, upon starting an investigation of all of these survey providers it became 
apparent some survey providers were not worth investigating due to the lack of 
suitable features required by the Process Control group. After an initial investigation 
into all of the survey providers listed above, only two had all of the required features 
that the Process Control group needed. 
 
The two survey providers that will be further investigated through this section of the 
report are Zoomerang and Google documents. 42 
 
5.5 Table Comparison 
 
The comparison between the two suitable web based survey providers is shown in 
the table below. 
 
 
 
Table 8: A direct comparison of Zoomerang and Google Documents’ Score 
Desired 
Requirements of 
Software 
Weightings 
   
    Feature  Score  Feature  Score 
Survey Deployment 
Options 
20%  Website  10%  Website  10% 
Email  3%  Email  5% 
Paper  3%  Paper  3% 
Sub-total  16%  Sub-total  18% 
History  20%  Viewing 
Results 
(Summary) 
5%  Viewing 
Results 
(Summary, 
Spreadsheet) 
10% 
Dynamic Data 
Exchange  
(XLS, PPT, 
PDF) 
3%  Dynamic Data 
Exchange  
(CSV,HTML, 
ODS, PDF, 
TXT, XLS) 
5% 
Sharing 
Results 
(Private, 
Restricted, 
Public) 
5%  Sharing 
Results (Email, 
Link, 
Webpage) 
 
5% 
Sub-total  13%  Sub-total  20% 
Pre-Configured 
Surveys 
10%  Lots 
 
10%  Able to search 
Google for 
generic 
questions 
2% 
Sub-total  10%  Sub-total  2% 
Price  10%  Expensive  2%  Free  10% 
Sub-total  2%  Sub-total  10% 
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Table 8: A direct comparison of Zoomerang and Google Documents’ Score 
Desired 
Requirements of 
Software 
Weightings 
   
    Feature  Score  Feature  Score 
Time Required to Post 
Surveys 
10%  10 minutes to 
post ‘test’ 
survey 
5%  4 minutes to 
post ‘test’ 
survey 
10% 
Sub-total  5%  Sub-total  10% 
User Friendly  10%  Layout  5%  Layout  3% 
Help for first-
time users 
2%  Help for first-
time users 
3% 
Technical 
Support 
1%  Technical 
Support 
2% 
Sub-total  8%  Sub-total  8% 
Ability to take 
complaints 
5%  Textboxes   5%  Textboxes  5% 
Sub-total  5%  Sub-total  5% 
 
 
 
Number of 
Surveys/Respondents 
permitted 
 
 
 
 
5% 
Basic 
(Unlimited 
number of 
surveys, 100 
responses) 
 
 
 
 
4% 
 
 
 
Unlimited 
number of 
surveys and 
respondents 
 
 
 
 
5% 
Pro/Premium 
(Unlimited 
number of 
surveys, 
Unlimited 
respondents) 
Sub-total  4%  Sub-total  5% 
Survey Question 
Types 
5%  14 Question 
Types 
5%  6 Question 
types 
3% 
Sub-total  5%  Sub-total  3% 
 Presentation of 
Results 
5%  Summary  3%  Summary  3% 
    Spreadsheet  2% 
Sub-total  3%  Sub-total  5% 
Total    71%    86% 
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5.5 Summary of Results 
 
The summary of the results from the web based survey investigation is shown in 
Table 9.  
 
Table 9: The summarised results of the web based survey investigation 
Desired 
Requirements of 
Software 
Weighting
s     
Survey Deployment 
Options 
20%  16%  18% 
History  20%  13%  20% 
Pre-Configured 
Surveys 
10%  10%  2% 
Price  10%  2%  10% 
Time Required to 
Post Surveys 
10%  5%  10% 
User Friendly  10%  8%  8% 
Ability to take 
complaints 
5%  5%  5% 
Number of 
Surveys/Respondent
s permitted 
5%  4%  5% 
Survey Question 
Types 
5%  5%  3% 
Presentation of 
Results 
5%  3%  5% 
Total Score  71%  86% 
 
From the total scores that are shown at the bottom of the selection matrix, Google 
Documents is found to be the most suitable online survey provider for the Process 
Control group’s needs. Therefore, this report concludes that Google document is the 
recommended web based survey provider for the Process Control group. 45 
 
5.6 Conclusion 
 
In summary, this project has investigated a range of different  web based survey 
providers.  After  initial  investigation,  only  two  out  of  eight  survey  providers 
investigated  were  considered  to  be  suitable  for  the  Process  Control  group’s 
requirements. These two survey providers were Zoomerang and Google Documents. 
After  this  decision  was  made  a  thorough  investigation  into  these  two  survey 
providers commenced. 
 
The selection matrix provided an unbiased decision making tool to assess which web 
based  survey  provider  was  best  suited  to  the  Process  Control  group.  From  the 
selection matrix, the report concluded that Google Document would best suit the 
requirements of the Process Control group. Overall, this project has been successful 
in finding a suitable web based survey provider that will offer a more efficient means 
of conducting a survey compared to paper-based questionnaires. Furthermore, to 
help  embrace  this  innovative  way  of  conducting  surveys  a  tutorial  was  made  to 
assistance in the transitional stage of paper-based surveys to web-based surveys. 
 
The tutorial’s screenshot is shown below in Figure 10 and the completed document 
can be found in Appendix 1. 
 
 
Figure 10: A tutorial was created to assist the Process Control group embrace this new 
method of creating and deploying surveys. 46 
 
6. Development of the Engineering Diagnostic Tool Project 
 
6.1 Introduction 
 
When troubleshooting a control system the first thing that needs to be done is to 
identify the source of the problem. At Worsley Alumina, the control system is large 
and complex and identifying the source of the problem is often difficult. Therefore 
diagnostic tools are needed to help troubleshoot the control system. 
 
The Engineering Diagnostic Tool will assist troubleshooting the distributed control 
system (DCS) at the Bunbury Port for failed points. This project requires creating a 
Human Machine Interface (HMI) which will identify if any points on the Bunbury 
Port’s DCS have failed. The aim of this report is to convey the methodology taken in 
building the Engineering Diagnostic Tool. The Engineering Diagnostic Tool will assist 
identifying which points have failed on the Bunbury Port DCS so that this problem 
can be quickly identified and resolved. 
 
 
 
 
Figure 11: Three of Worsley Alumina’s Storage Containers at the Bunbury Port [1] 
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6.2 Project Time Management 
 
This project was estimated to take two weeks to complete. For a five day working 
week,  this  accounts  to  ten  days  of  work.  The  table  below  illustrates  how  the 
project’s time was allocated for the four different phases of the project. 
 
Table 10: Development of Engineering Diagnostic Tool Project Time Allocation 
Objectives  Time Taken (Days) 
Filtered Bunbury Port Back Build  2 
APG Standard  0.5 
Built HMI in HMI Web Display Builder  5 
Create a Project Report  3 
Overall Time Allocated for Project  10 days 
 
The project was successful in keeping to the project’s time management plan up 
until the project scope changed considerably.  
 
The project scope changes that occurred during this project include: 
 
  Redesigning  HMI  layouts  –  The  original  Engineering  Diagnostic  Tool  was    
created on three separate HMI screens. The project supervior requested the 
tool be made on two HMI screens. This requested was completed. 
 
After the HMI layout was redesigned on the Engineering Diagnostic Tool the 
HMI was reviewed again by another, more senior engineer, Robert Duggan, 
who  requested  the  HMI  is  made  on  only  one  HMI.  This  requested  was 
completed. 
 
 
This project scope change resulted in a half day delay to the project time 
management schedule. 
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  Simple Status Indication on Point Diagnosis – This project scope change 
involved implementation of Visual Basic Scripting to highlight points which 
have  failed.  This  would  give  immediate  indication  of  the  diagnosis  of  the 
Bunbury Port’s DCS points. 
 
This idea was suggested by Carlos Elliot through the “Innovation List” system 
run by Worsley Alumina’s Process Control group.  
         
This  project  scope  change  resulted  in  a  one  and  a  half  day  delay  to  the 
project time management schedule. 
 
Overall,  the  project  ran  two  days  over  the  scheduled  time  allocated  due  to  the 
changes in the project scope. 
 
6.3 Diagnostic Method 
 
The diagnostic method that is be used in the Engineering Diagnostic Tool is based on 
comparative analysis of Honeywell Experion referencing. The Honeywell Experion 
points on the server can be referenced from a HMI in two ways, using the parameter 
referencing method or the database referencing method [6]. 
 
If the two referencing methods return the same value, then this would indicate that 
the point is still active and is updating the database periodically. Otherwise, if the 
two referencing methods were not the same, then this would indicate that the point 
has failed. 
 
The database that Honeywell Experion uses to store point parameters is called a 
“user table”. A user table is a convenient way of storing application-specific data in 
the server database [5].  
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6.4 Login Account Details  
 
This project required access to the Worsley Alumina Pty Ltd Plant Control Network 
(WAPLPCN) which enabled connectivity to the Bunbury Port’s DCS. To request access 
to this network a Process Control Change (PCC) was created, which is used to ensure 
that all changes go through the necessary approval process. The PCC was sent to the 
person in charge of administrating access to the WAPLPCN.  
6.5 Software Requirements 
 
The server on the Worsley Alumina Pty Ltd Process Control Network (WAPLPCN) that 
this project required access to was called “ex-sl-srv-1a”. This server provided access 
to Honeywell Experion PKS software called HMI Web Display Builder.  
 
HMI Web Display Builder creates object-based graphics for implementing custom 
displays online [5]. For this project, this software was used to create the Engineering 
Diagnostic Tool’s HMI. 
 
 
Figure 12: Screenshot of HMI Web Display Builder Shortcut on the Experion Server 50 
 
6.6 Filtering Bunbury Port Back Build 
 
The back build of the Bunbury Port DCS was created to provide an indication of all of 
the  active point’s  parameters  on  the  Bunbury  Port  DCS’s  server.  This  back  build 
needed to be filtered because only the parameters that interfaced with the user 
table database needed to on the Engineering Diagnostic Tool.  
 
The back build was converted from a text format to a Microsoft Excel spreadsheet 
format to make this filtering process easier. 
  
 
 
 
 
 
 
 
 
 
Figure 13: Bunbury Port Back Build Format Conversion 
 
The entries of the Bunbury Port back build are formatted like the entry shown below 
in Figure 14.  
 
 
 
 
 
 
PARAM    UT_VESSEL ACHDT,32737,ENTITY,{CHAR,CHAR,DATAIO,311,1,190,0,10} 
 
 
 
 
 
Figure 14: Bunbury Port Back Build Parameter Format 
 
The filtering process was done manually by deleting all of the points that were not 
referenced in the user table. From a point’s name this can be identified because all 
of the points referenced in the user table start with UT.  
Point Name 
Parameter 
Format  File Number 
Record 
Number 
String 
Length 
Word 
Number 51 
 
6.7 Honeywell Experion Referencing 
 
The Bunbury Port points can be referenced in two ways in a HMI: 
 
1.  Database Reference – The object is linked to a file in the server database. 
 
2.  Parameter Reference - The object is linked to a point parameter. 
 
6.7.1 Common Referencing Configuration Options 
 
Both methods of referencing have the following configuration options: 
  Read from oldest record of circular file - Applicable if it is a circular file and 
you want to read the oldest record first [6]. 
 
  Update rate - The frequency that the parameter value is updated:  
- Default. The value is updated at the Station update rate.  
- One-Off. The value is only updated when the display is initially called up 
or refreshed.  
- 1 second, 2 second, 4 second, 5 second, 10 second, 30 second, 
and 1 minute.  
  Data entry allowed Security level: If you select “data entry allowed”, users 
with a security level equal to or higher than the specified security level can 
edit the object's value [6].  
The security levels are: Operator, Supervisor, Engineer and Manager.  
 
For the Engineering Diagnostic Tool these options were left as the default values 
which were: 
Read from oldest record of circular file: Not Selected 
Update Rate: Default 
Data entry allowed Security Level: “Data Entry Allowed” was Not Selected 
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6.7.2Database Configuration Options 
 
The unique configuration options for the database reference include: 
 
  File - The file number on the server database 
 
  Record – The record number inside the file. 
 
  Word - The word number inside the record. 
 
  Format - The data format (string, integer) 
-  For String, the length of the string must be specified.  
 
For the Engineering Diagnostic Tool these options were filled out according to the 
database referencing information of the user table points from the Bunbury Port DCS 
back build. 
 
 
 
Figure 15: Screenshot of an Object’s Database Reference Configuration 53 
 
6.7.3 Parameter Configuration Options 
 
The unique configuration options for the parameter reference include: 
 
 
  Point - The ID of the point or the full item name to which the object is linked.  
 
  Parameter - The point parameter to which the object is linked.  
 
  Parameter index - Select the parameter index (if there are multiple 
parameter options). 
For this Engineering Diagnostic Tool the point and parameter names were taken 
from the Bunbury Port back build. There was no parameter indexing required for any 
of the parameters used. 
 
 
 
 
Figure 16: Screenshot of an Object’s Parameter Reference Configuration 
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6.8 Engineering Diagnostic Tool Design 
 
The Engineering Diagnostic Tool needed to have sixty-seven point parameters on 
one  HMI.  Since  this  is  a  large  number  of  points  to  have  on  a  single  HMI  the 
information were organised in tables so that the user could read which parameters 
and values corresponded to each point easily.  
 
The four columns used in the tables were: 
 
1.  Point Name  
2.  Parameter 
3.  Value (Parameter Reference) 
4.  Value (Database Reference) 
 
There were two tables used on the Engineering Diagnostic Tool. The tables made it 
easy to visually compare the values of parameter and database referencing. 
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6.8.1 Status Indication Visual Basic Script Program 
 
The Visual Basic Script program is an “event driven” programming language.  The 
Visual Basic Script which provides the status indication if a point has failed executes 
under two events: 
 
1.  “Onpagecomplete”  of  the  HMI  –  This  event  occurs  once  the  HMI  is 
completely displayed. 
 
2.  “Onchange” of any of the values being referenced – This event occurs when 
any of the values change from the parameter or database referencing. 
 
The second condition allows the program to diagnose problems in real-time. The 
Visual  Basic  Script  has  good  documentation  to  ensure  that  other  engineers 
interested in reading the Visual Basic Script of the engineering diagnosis tool can 
quickly and easily read the code and understand how it works. 
 
 
Figure 17: Screenshot of the documentation at the top of the Visual Basic Script 
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6.8.2 Naming Convention used on HMI 
 
There has been a name convention used for the objects used on the Engineering 
Diagnostic Tool. 
 
The labels for the points are named in the following way: 
 
               Point Name 
 
 
textbox_UT_VESSEL 
 
 
                                       Display Object 
Figure 18: Point labels Naming Convention 
 
The parameter references are named in the following way: 
 
                                               Point Name     Parameter Reference Method 
 
 
textbox_UT_VESSEL_VNO_ParamRef 
 
 
     Display Object                  Parameter  
Figure 19: Parameter Referenced Values Naming Convention 
 
The database references are named in the following way: 
 
                            Point Name     Database Reference Method 
 
textbox_UT_VESSEL_VNO_DataRef 
 
 
        Display Object                  Parameter  
Figure 20: Database Referenced Values Naming Convention 
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One of the major benefits of this naming convention is that it makes the Visual Basic 
Scripting easier to understand. If the parameter reference is not equal (<> in Visual 
Basic  Script)  to  the  database  reference  then  turn  the  point  name  text  colour  is 
turned red. 
 
 
Figure 21: Example of a Point’s Diagnostic Visual Basic Script showing the Benefit of the 
Naming Convention 
6.8.3 Final Engineering Diagnostic Tool 
The final Engineering Diagnostic Tool is shown below. Note that some parameters 
currently do not hold information therefore appear blank. 
 
 
Figure 22: Screenshot of Honeywell Station executing the Engineering Diagnostic Tool 58 
 
6.9 Problems Encountered 
 
There  were  several  problems  encountered  during  the  development  of  the 
Engineering Diagnostic Tool. These problems include: 
 
  Limited Access to Server 
  Server Reboot 
  HMI Web Display Builder 
  Refinery to Bunbury Port Communication Link 
  Incorrect referencing 
 
These problems will be further discussed throughout this section. 
 
6.9.1 Limited Access to Server 
 
The server has a limit of two people on the server at any one time to ensure that the 
server is not overloaded with remote desktop connections. This prevents the active 
remote desktop connections from freezing. 
 
This problem only occurred once throughout the project when two engineers were 
already the server. 
 
 
Figure 23: The Error message received when the Server reached its limit on Remote 
Desktop Connections 59 
 
6.9.2 Server Reboot 
 
The server that had the HMI Web Display builder program needed to be rebooted 
whilst  the  Engineering  Diagnostic  Tool  was  being  built.  This  required  all  current 
remote desktop connections to be closed.  
 
The server reboot was needed to ensure that the  operating system patches that 
were installed were implemented on the server.  
6.9.3 HMI Web Display Builder 
 
One problem experienced when using “HMI Web Display Builder” that it sometimes 
stopped updating the changes that were being made to the configuration of the 
objects on the HMI. This problem occurred when the program had been open for 
over an hour and a lot of changes had been made on the HMI in that time.  
 
This  problem  was  resolved  by  saving  and  closing  down  the  program  and  then 
reopening the program and the HMI.  
6.9.4 Refinery to Bunbury Port Communication Link 
 
 
The communication link between the refinery and the Bunbury Port failed on one of 
the days during the project. The problem was discussed with some people within the 
Process Control group and the information technology department was notified. This 
problem was resolved two hours after the problem was identified. 
 
6.9.5 Incorrect Referencing 
 
This Engineering Diagnostic Tool displayed sixty-seven points’ parameter values that 
were both parameter and database referenced. On HMI execution it was found that 
some textboxes did not display properly. This occurred because there were some 
errors made in the configuration of objects’ referencing.  
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6.10 Conclusion 
 
The Bunbury Port’s DCS is particularly important due to the implications that delayed 
tanker or railway transportation on materials can have. This project was successful in 
designing  and  constructing  an  effective diagnostic  tool  which  will help  identify  a 
potential  problem  on  the  DCS  more  quickly  and  efficiently.  The  Engineering 
Diagnostic Tool will assist the Process Control group diagnose if custom parameters 
have failed on the Bunbury Port’s DCS. Since the Engineering Diagnostic Tool has 
been built there have been no custom parameters that have failed. However, the 
Engineering Diagnostic Tool will lessen downtime of the Bunbury Port DCS if this 
problem were to occur in the future. 
 
 
Figure 24: Loading Alumina for Export at Bunbury Port [1] 
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7. Investigation into Programming Differences of Reclaimers 
Project 
7.1 Introduction 
The  bauxite  supply  from  Worsley  Alumina’s  Boddington  Mine  to  the  Worsley 
Alumina Refinery ensures the continuity of the alumina refining process. The bauxite 
is transported from the mine to the refinery via a 51 kilometre overland conveyor 
(OLC) [1]. The redundancies of the OLC are the two reclaimers which remove bauxite 
from the bauxite stockpile. 
 
From recent historical data it was found that there was an estimated 100 tonne an 
hour throughput difference between the reclaimers over a long period of time. This 
difference  was  substantial,  so  an  investigation  began  to  discover  why  this  was 
occurring and how it could be fixed. 
 
The  investigation  began  by  comparing  the  Programmable  Logic  Controller  (PLC) 
programs. A “PLC Compare” was run to list all of the differences between the two 
programs.  The  PLC  compare  found  39  differences  in  total.  There  should  be  no 
differences between the reclaimer programs because both reclaimers are identical 
pieces of equipment being controlled by identical PLCs.  
 
Overall, the aim of the project is to identify what differences exist so that experts in 
this PLC program can standardise the reclaimer programs. 
 
Figure 25: Reclaimer in front of one of the bauxite stockpiles [1] 62 
 
7.2 Overview of the Reclaimer 
 
The reclaimers are designed to reclaim the bauxite from the bauxite stockpiles at a 
rate of 1600 tonnes per hour [1]. The rake moves across the face of the bauxite 
stockpile into the path of the bucket wheel.  The bucket wheel spins then scoops the 
bauxite from the bauxite stockpile onto the internal bridge conveyor. This conveyor 
then transfers bauxite onto the refinery reclaim conveyor. The reclaimers can move 
through the whole length of each of the 200000 tonne bauxite stockpiles [1]. 
 
 
 
 
Figure 26: Cross-section through bucket-wheel reclaimer [1] 
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7.3 Project Time Management 
 
The project was scheduled to take one week to complete. For a five day working 
week this accounts to five days.  The table below illustrates how the project’s time 
was allocated for the five different phases of the project. 
 
 
Table 11: Investigation into Programming Differences of Reclaimers Project Time 
Allocation 
Objectives  Description  Time Taken 
(Days) 
Introduction to Project  The supervising engineer for this project was 
Suleiman Sadek. He provided an introduction 
to the project scope. The PLC program for both 
reclaimers was provided, as well as the PLC 
compare summary sheet. 
0.5 
Document Control  The document control for this project included 
printing the PLC compare summary sheet and 
the PLC program sheets which were different.  
 
The summary of the differences was also  
2 
PLC Code  The PLC programs were compared on the 
“networks” which the PLC compare summary 
sheet specified there were differences. The  
1.5 
Meetings  There were two meetings scheduled.  
 
The first meeting was an introduction to the 
reclaimer project, which covered the business 
needs and the electrical and process control 
engineers’ ideas on how to fix the project. This 
meeting decided on the project scope and 
dates for future meetings. 
 
The second meeting was a review of the 
differences in the PLC programs to the Process 
Control Group members which are involved in 
this project.  
1 
Report Writing  A summary of the project and the results 
found. 
1 
Total    5 Days 
 
 
 
Overall,  the  project  was  successful  in  keeping  to  the  project  time  management 
schedule. 64 
 
7.4 Reason for Difference between PLC Programs 
 
The PLC programs for the reclaimers have become different because: 
 
1.  No access restrictions to PLC and PLC program 
 
Without  access  restriction  on  the  reclaimer  PLCs  or  PLC  programs,  many 
people have been able to modify the program. This could have been done by 
process control engineers, electrical engineers, or instrument electricians.  
 
2.  No approval process 
 
Due  to  no  access  restrictions  placed  on  the  reclaimer  PLCs  there  was  no 
proper approval process for any changes that anybody might make on the 
PLC  programs.  This  also  meant  that  some  changes  do  not  have  any 
documentation informing other people of why the changes were made. 
 
3.  Changes were made on one PLC and not the other 
 
There are two PLC programs and some people may have made changes on 
one PLC without implementing it on the other PLC. 
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7.5 Summary of Results 
 
The results are summarised below: 
 
  34 out of 246 networks were found to be different. 
 
  Due to some multiple differences in some networks, this totalled to 39 
differences in total. 
 
  These differences are categorised as shown in the table below. 
 
Table 12: Summary of PLC Differences between Reclaimer 1 and Reclaimer 2 PLCs 
Differences in Programs  Number of Differences Found 
Configuration in Logic Blocks 
(Hard Coded Numbers) 
8 
Incorrect Logic Location  1 
Missing/Extra Coils  10 
Missing/Extra Connections  8 
Missing/Extra Rungs  5 
Different Logic  3 
Missing Network  1 
Different References  4 
Total  39 
The relative proportions of the differences found are illustrated in the pie chart 
below. 
 
Figure 27: Pie Chart illustrating the relative proportion of each type of difference found 
Pie Chart of Differences Found
Configuration in Logic Blocks 
(Hard Coded Numbers)
Incorrect Logic Location
Missing/Extra Coils
Missing/Extra Connections
Missing/Extra Rungs
Different Logic
Missing Network66 
 
7.6 Conclusion 
 
This  project  has  been  successful  in  reporting  on  the  differences  in  both  of  the 
reclaimers’ PLC programs. This project will benefit the standardisation of the PLC 
programs of the reclaimers. When this part of the overall project is complete, the 
Process Control group plans on optimising the control strategy of the reclaimers so 
that the reliability and the throughput can be maximised. Therein the performance 
of  a  redundancy  at  Worsley  Alumina  will  be  improved.  Overall,  this  project  has 
shown that reclaimers are an important redundant piece of equipment and that this 
project has made a valuable contribution to the standardisation of the reclaimers. 
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8. Development of Multi-fuel Cogeneration Generator Display 
Screen Project 
 
8.1 Introduction 
 
This  project  involved  the  creation  of  the  new  multi-fuel  co-generation  human 
machine interface (HMI) display screens. The software used to create this display 
was “HMI Web Display Builder”.  
 
The first step was to determine the key components on the P&ID that needed to be 
displayed to operators. A copy of the P&ID was printed off and the key components 
were  highlighted  by  an  experienced  engineer  who  was  familiar  with  the 
instrumentation  and  control of the  generator. The  highlighted  components  were 
sourced from the shape library which contained all of the components required for 
the display. 
 
The layout of the display was derived from the general layout of the P&ID. This 
assists the operators in understanding the display better when they are learning the 
P&ID and relating it to the display.  
 
It was needed well before commissioning of the generators because it was going to 
be installed on a simulator system that E&G was developing. 
 
 
8.2 Project Time Management 
 
This project was estimated to take one week to complete. For a five day working 
week, this accounts to five days of work. The table on the following page illustrates 
how the project’s time was allocated for the four different phases of the project. The 
project was successful in keeping to the project’s time management plan 
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Table 13: Development of the Multi-fuel Co-generation Project Time Allocation 
Objectives  Time Taken (Days) 
Introduction to Project  1 
Built HMI in HMI Web Display Builder  3 
Create a Project Report  3 
Reviewed and Submitted Display to E&G  1 
Overall Time Allocated for Project  5 days 
8.3 Problems Encountered 
 
The major problem encountered during this project was the limited display space 
permitted for the large amount of instrumentation that needed to  be displayed. 
Coupled  with  this  problem  was  the  requirement  that  the  layout  of  the  display 
needed to resemble the P&ID. This problem was resolved by using a layout which 
compactly displayed the information and keep instrument objects on the display 
close together. 
 
Another problem encountered was that the display was originally created on Area 2 
engineering  work  station  and  when  transferring  the  display  to  the  Powerhouse 
engineering  workstation  the  display  did  not  display  properly.  On  further 
investigation by the Project supervisor, Benjamin Marler, who was experienced with 
the display software, it was found that the shape library installed on either machine 
was  not  compatible  for  all  shapes.  This  problem  was  rectified  by  changing  the 
directory of the shape library. 
8.4 Summary of Results 
 
Overall, the finished product was successful in meeting the requirements set out by 
the  project  supervisor.  The  final  product  has  been  sent  to  E&G  for  use  in  the 
simulator program they are building for the new multi-fuel co-generation systems. 
8.5 Conclusion 
 
In  summary,  this  project  has  been  successful  in  completing  the  required  task  at 
hand. This project was an unscheduled project which caused other projects to be 
delayed by a week. Overall, the project supervisor and E&G were very satisfied with 
the result. 69 
 
9. Work in Progress 
 
Two projects which have been scheduled to be completed during this time period of 
the internship are still works in progress. These were the: 
 
1.  Automated Field Entry Project 
 
2.  PlantScape Alternatives Project 
 
A discussion on what progress has been made and why they have not been 
completed yet will follow. 
 
9.1 Automated Field Entry Project 
 
9.1.1 Introduction 
 
Bunbury Port Operators are required to enter a large amount of information onto 
the “Current Vessel Data”, “Pour Plan Overview”, and the “Alumina Loading Delays” 
HMI displays. These HMI displays currently can not automatically switch between 
entry fields on the display screen which means that the Operator needs to carry out 
the tedious task of using the keyboard to enter information and the mouse to switch 
between entry fields.  
 
The  consequence  of  this  problem  is that  operators  require  a  substantially  larger 
amount of time to enter information in these HMI displays.  
 
If these HMI displays could automatically switch between entry fields, the Operator 
would predominantly use only the keyboard and would reduce the time and effort 
needed to enter information onto these displays. To achieve this it is proposed that 
when new data is entered into an entry field the proceeding entry field should be 
automatically selected. 
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9.1.2 Solution 
 
This proposed solution involves the “on data change” event which executes when 
the operator has entered new information into entry fields on the displays. This 
event, when triggered, uses the “focus” method to select the proceeding entry field.   
 
The solution has been implemented on temporary HMI displays which are copies of 
the  original  HMI  displays  “Current  Vessel  Data”,  “Pour  Plan  Overview”,  and  the 
“Alumina Loading Delays”. 
 
9.1.3 Problems Encountered 
 
The reason why this project has not been completed is because the solution does 
not  work  for  all  entry  fields.  The  majority  of  the  entry  fields  do  work  correctly, 
however there are a few exceptions. 
 
A thorough investigation has gone on to discover the problem with these exceptions. 
All of the configuration options and the visual basic scripting used in these exception 
entry fields have been investigated. So far this investigation has been unsuccessful in 
finding any differences in the working entry fields and the non-working entry fields. 
 
The  suspected  problem  seems  to  be  with  the  Honeywell  Experion  user  table 
configuration which stores the values entered in the HMI displays in a database. 
Potential problems with the user table are that the points referenced either do not 
exist or are incorrectly referenced. This means that when values change in the entry 
field, the “on data change” event does not trigger. 
 
The investigation has been rescheduled to continue in November with the assistance 
of an experienced engineer in HMI graphics, Benjamin Marler. 
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9.1.4 Conclusion 
 
The automated field entry project has made significant progress, and under an ideal 
scenario would have been completed by now. The suspected problem that ocurred 
during this project is a direct result of incorrect configuration of the user table being 
referenced in the original HMI displays. This problem has resulted in some of the 
entry  fields  not  functioning  correctly.  This  problem  is  scheduled  to  be  further 
investigated and rectified in mid November. 
 
9.2 PlantScape Alternative Project 
 
9.2.1 Introduction 
 
Currently at Worsley Alumina, PlantScape is used to display information on Worsley 
Alumina  operations  on  computers  connected  to  the  computer  network.  The 
information  comes  from  a  server  with  a  PHD  database  which  is  configured  to 
historise all important process control information for future reference. The PHD 
server is a secure interface between the computer network and the process control 
network (PCN). Therein allowing all Worsley personnel access to this information 
from any computer connected to the Worsley Alumina computer network.  
 
The PlantScape Alternatives Project is an investigation into two modern alternative 
programs, Babelfish and Uniformance. The reason why this investigation is occurring 
is  because  the  PlantScape  software  is  outdated  and  has  several  limitations, 
compared to alternative programs. 
 
This project is an investigation into the suitability of alternative programs which may 
be used to upgrade the PlantScape program in the future.  
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9.2.2 Solution 
 
The investigation will involve creating display screens similar to PlantScape using the 
PlantScape alternative programs. A list of ten displays is going to be created using 
the alternative programs. 
 
1. Introductory Page 
 
2. Refinery Overview 
 
3. Redside Overview 
 
4. Whiteside overview 
 
5. Liquor Burner 
 
6. Caustic 
 
7. Area 1 Facility 107 Acid 
 
8. Bauxite Bin Levels 
 
9. Power Generation/Loads 
 
10. Calciner Gas Rates 
 
 
After the alternative displays have been created they will be shown to people who 
regularly  use  PlantScape.  Their  feedback  will  be  obtained  to  discover  which 
alternative program is most suitable as an upgrade from PlantScape.  
 
 
Text Summary Displays 
Graphics Display Displays 
Trend Displays 73 
 
9.2.3 Conclusion 
 
This project is progressing very well. 
 
The progress made so far is: 
 
  The project has been formally introduced by the project supervisor. 
 
  How to use each of the alternative programs to create displays is now well 
understood. 
 
  Most of the alternative displays have been made and the project is almost 
ready for rollout to regular users of PlantScape. 
 
This project is expected to be completed late November. 
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10.  Time Management Strategies 
 
Time  management  skills  are  essential  requirements  for  a  successful  engineering 
professional.  The  Worsley  Alumina  internship  provided  the  intern  with  an 
opportunity to develop his time management skills. A number of projects were given 
to  the  intern  to  complete  during  the  course  of  the  internship  and  it  was  his 
responsibility to organise a time management schedule to get the projects done. 
 
The time management strategies implemented included: 
 
  Establishing a time management plan at the start of the internship.  
 
  Using a Gantt chart to graphically illustrate the project time allocation 
 
  Using Microsoft Outlook Calender to  remember meetings and events that 
were scheduled through the week. 
 
  Keeping a daily journal to remember all the daily events and progress. 
 
  Breaking all projects into smaller tasks. 
 
  Not making unrealistic deadlines for projects. 
 
  Keeping  an  open  dialogue  to  project  supervisors  on  how  the  project  is 
progressing. 
 
  Learning to say no to extra work when time does not permit. 
 
He has learnt that time management is a skill of making smart decision on how to 
allocate your time to achieve your goals. Throughout the internship he has shown to 
more effectively manage his time which shows that he is developing his time 
management skills. 75 
 
10.1 Time Management Review 
 
A time management plan was created at the start of the internship to allocate a 
specific amount of time towards each nominated project. However, the internship 
did not run on the same schedule as the time management plan because of: 
 
  The introduction of new projects 
 
  Changes in project scope 
 
It is useful to compare the planned time management plan with the actual internship 
schedule  to  show  how  the  time  management  plan  had  to  evolve  during  the 
internship due to the reasons outlined above.   
 
10.1.1 August – September Murdoch University Expectations 
 
The actual internship schedule ran on time for the Murdoch University requirements 
during August and September.  
 
 
 
Figure 28: Time management schedule for Murdoch University Expectations during August 
and September 
 
 
 
Figure 29: Actual Internship schedule for Murdoch University Expectations during August 
and September 
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10.1.2 August – September Worsley Alumina Expectations 
 
The actual internship schedule ran slightly off the time management plan for the 
Worsley Alumina requirements during August and September. This was due to the 
introduction  of  a  new  project, the  PLC  compare  of  reclaimer  1  and  2.  This  new 
project is shown in red, in Figure 31.   
 
 
 
Figure 30: Time management schedule for Worsley Alumina Expectations during August 
and September 
 
 
Figure 31: Actual Internship schedule for Worsley Alumina Expectations during August and 
September 
10.1.3 October– November Murdoch University Expectations 
 
The actual internship schedule had to run in front of the time management plan for 
the Worsley Alumina requirements during October and November. This was due to 
the  differences  in  due  dates  for  thesis  students  and  internship  students.  The 
internship  due  dates  for  Murdoch  University  was  based  on  the  date  that  the 
internship study guide was received. The date the study guide was received was the 
12
th August 2009. 
 
The project plan was due 2 weeks following the receipt of the study guide and the 
progress report was due 8 weeks following the receipt of the study guide. The due 
date for the final report and 15 minute presentation was interpreted incorrectly 
when creating the time management plan; the due date was during week 15 of the 77 
 
university  semester,  as  opposed  to  15  weeks  following  the  receipt  of  the  study 
guide. 
 
 
 
Figure 32: Time management schedule for Murdoch University Expectations during 
October and November 
 
 
Figure 33: Actual Internship schedule for Murdoch University Expectations during October 
and November 
10.1.4 October – November Worsley Alumina Expectations 
 
The actual internship schedule did not run on schedule with the time management 
plan for the Worsley Alumina requirements during October and November. This was 
due to the introduction of another new project, the multi-fuel co-generation HMI 
display. This new project is shown in red, in Figure 35. 
 
The combined effect of two unscheduled projects during the internship caused the 
scheduled projects during October and November to be delayed by approximately 
two weeks. Due to the technical difficulties with a few entries on the Automated 
Field Entry project, the project remains unfinished. However, the majority of the 
work has been done.  
 
The  Investigation  into  PlantScape  Alternatives  project  is  ongoing;  however 
considerable headway has been made. The alternative displays have been created 
and the project is ready for deployment to regular users for feedback. This project is 
currently running on schedule. 
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Figure 34: Time management schedule for Worsley Alumina Expectations during August 
and September 
 
 
 
 
 
Figure 35: Actual Internship schedule for Worsley Alumina Expectations during August and 
September 
 
10.2 Conclusion 
 
Overall, time management skills have been shown to be essential requirements for a 
successful engineering professional. The most important aspect of time management 
that  the  intern  has  leant  during  the  internship  is  to  ensure  that  the  time 
management plan has the ability to evolve with changing circumstances. The intern 
has  faced  realistic  challenges  to  his  time  management  plan  such  as  changes  to 
project  scope  and  the  introduction  of  new  projects.  Furthermore,  the  time 
management emphasis in the internship has been a valuable learning experience for 
the intern to develop his time management skills. 
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11.  Internship Review 
 
The first four months of the Worsley Alumina internship has been an eye opening 
experience into the world of process control engineering. It has provided the intern 
with a valuable learning experience which has allowed him to grow both personally 
and professionally. 
 
The projects were all related to the engineering profession and were comparable to 
other  projects  that  experienced  engineers  would  do.  The  clear  relevance  and 
business benefit was key motivational drivers for the intern. 
 
Worsley Alumina provided good opportunities to learn from new technologies in the 
instrumentation and control field of engineering. Some of the new technolgy used at 
Worsley include the Honeywell Experion distrubted control system (DCS) and Profit 
Suite. 
 
 
Safety at Worsley Alumina truly embraces the policy of safety before profits. Safety 
is a core value of Worsley Alumina and their primary owner, BHP Billiton. The safety 
policy is very strict and the intern appreciated Worsley’s commitment to the safety 
of their employees. 
 
Lastly,  the  intern  was  delighted  to  have  been  given  the  opportunity  to  work  at 
Worsley.  During  the  internship  he  has  been  able  to  live  at  his  home  town  of 
Australind.  Furthermore,  the  Worsley  Alumina  internship  has  been  a  wonderful 
learning experience for the intern embarking on a career in engineering. 
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12.  Conclusion 
 
Overall, the intern’s first four months of the Worsley Alumina internship has been very 
successful.  Worsley  Alumina  has  provided  a  valuable  learning  experience  for  applying 
engineering theory into practice in real world engineering projects. 
 
Worsley Alumina has invested heavily over the years into innovative technology to make 
their operations more safe and efficient. This has given the intern an opportunity to see the 
latest developments in the mineral processing and process control industry.  
 
The intern was exposed to a number of realistic scenarios which experienced engineers 
encounter on a regular basis. These scenarios include time management changes, project 
scope  changes,  and  break  in  work.  These  scenarios  will  greatly  benefit  the  intern’s 
professional development as an engineer. 
 
The projects that the intern was given covered a diverse range of engineering roles and 
responsibilities. This was designed to assist the intern find a role which he may like to pursue 
during his career in engineering. The projects have had a clear business benefit for the 
Process Control group at Worsley.  
 
  Investigation into Web Based Surveys – A more efficient survey method found. 
 
  Development of the Engineering Diagnostic Tool – It diagnoses a potential problems 
faster on the Bunbury Port Distributed Control System (DCS). 
 
  Investigation into Programming Differences of the Reclaimers  - It assisted the project 
team in knowing what the PLC differences were. 
 
  Development  of  the  Multi-fuel  Cogeneration  Generator  Display  Screens  -  The 
simulator that was being developed for the co-generation generator had the  operator 
graphics well in advance of commisioning. 
 
Furthermore,  this  report  has  shown  that  the  Worsley  Alumina  internship  has  been  an 
excellent learning experience towards the start of the intern’s career in engineering.  81 
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Introduction 
 
 
Google  Documents  is  a  free,  Web-based  word  processor,  spreadsheet, 
presentation, and form application offered by Google. This report contains an 
8 step guide to creating a web based survey using Google documents and a 
tutorial  survey  which  will  test  the  knowledge  learnt  through  the  guide. 
Overall,  this  report  aims  to  show  how  Google  documents  can  be  used  to 
create free web based surveys quickly and easily.  
 
How to create a web based survey using Google Documents 
 
To create a web based survey using Google documents, follow these 8 steps: 
 
 
1.   Open  your  internet  browser  and  go  to  the  Google  Website 
(www.google.com) 
 
 
 
2.   Click the button at the top of the page there is a tab called 
“more”.  
 
A pop-up menu will appear and then click on the “Documents” 
option. 
 
 
Figure 36: Screenshot of the steps 1 and 2 [11] 85 
 
 
 
 
 
3.  If you have a Google account, then sign in on the right hand side. If not 
then sign up to a Google account then sign into Google documents. 
 
 
Figure 37: Screenshot of the step 3 [11] 
4.  To begin a new online survey, click "Form" from the "New" menu. 
 
 
Figure 38: Screenshot of step 4 [11] 
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5.  Create your survey.  
 
  Enter a title for the survey. Also, if you require, provide a description for what 
the  survey  is  about.  This  is  optional,  but  will  be  useful  for  providing 
instructions to users on completing your survey. 
 
  Your new survey form will have one question block already in place, ready for 
you to customize. You may add as many questions as needed by clicking "Add 
Question" at the upper left of the window. 
 
  For each question, enter the question title. Optionally, enter help text that 
may be helpful to users completing your survey. Finally, select the Type of 
question  and  indicate  whether  the  question  is  required  (this  creates 
mandatory questions that the user must answer to submit the survey). 
 
  When you hover over a question with the mouse  pointer, you'll see three 
small icons appear to the right that allow you to either Edit, Copy, or Delete 
the question. 
  You  may  move  questions  to  reorder  your  survey  by  simply  dragging  the 
question and dropping it to the desired location. 
 
  To edit the confirmation window that is offered to users after completing your 
survey, click "Edit Confirmation" from the "More Actions" menu. 
 
  If you would like to make the survey have a background other than plain 
white, then click on the theme button and choose the one you like. 
 
 
 
Figure 39: Screenshot of steps 5 [11] 87 
 
6.  You can deploy the survey either by emailing it or embedding the form 
on a website.  
 
(i) When emailing the form, click the “Email this Form” tab on the top of 
the page.  
 
             
(ii) Or if you would like to embed the form on a webpage then click the 
“More Actions” tab and a popup menu will appear. Then click “Embed”. 
 
 
Figure 40: Screenshot of steps 6 [11] 
7.  You can view the results of the survey by clicking the “See Responses” 
tab at the top of the edit form page of your survey. A popup menu 
appears, and you can choose to view the results as “Summary” or 
“Spreadsheet”.  
 
  The summary of results has some basic charts and statistics.  
 
  The spreadsheet of results has a timestamp for the time and date of the 
responses, and a list of the results.  
 
 
Figure 41: Screenshot of steps 7 [11] 
8.   Some additional useful features that you may need to use: 
 
  To enable/disable surveys:  Select/Deselect "Accepting Responses" 
from the "Form" menu when in the spreadsheet view of the survey 
results page. 
 
  Create a copy of an existing survey: Select "Create a Copy..." from the 
"File" menu when in the spreadsheet view of the survey results page. 88 
 
Tutorial  
 
Try to create this “Tutorial Survey” survey using Google documents.  
 
 
Figure 42: Screenshot of the Tutorial Survey [11] 
 
Once you have created the survey, deploy the survey to your email or embed 
it on a webpage.  
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To try out the embed feature for the survey, follow these four steps: 
 
1.  Right  click  on  desktop  and  click  “Text  Document”  under  the  “New” 
Menu. 
 
 
Figure 43: Screenshot of Step 1 of the Tutorial [11] 
 
2.  Copy the URL of the web based survey from the “Embed” option under 
“More  Actions”  on  the  edit  form  webpage.  Paste  the  URL  into  the 
opened text document. 
 
 
Figure 44: Screenshot of Step 2 of the Tutorial [11] 
3.  Rename the file from “New Text Document.txt” to “Test Tutorial.html”. 
 
 
Figure 45: Screenshot of Step 3 of the Tutorial 90 
 
4.   Double click the icon and it should bring up the web based survey that 
you created. 
 
 
Figure 46: Screenshot of Step 4 of the Tutorial [11] 
Note: If the web based survey is not wide enough to fit the questions properly, 
reopen the text file and type in a larger number under width. 
 
E.g. Change from width="500" to width="700" 
 
Check if this change creates a wide enough web based survey form. 91 
 
Conclusion 
 
In  summary,  this  report  should  have  provided  insight  into  how  Google 
documents  can  be  used  as  a  free  web  based  survey  provider.  This  report 
contained  an  8  step  guide  to  creating  a  web  based  survey  using  Google 
documents and a tutorial survey which tested the knowledge learnt through 
the guide. Overall, this report has shown how useful Google Documents is for 
creating free web based surveys quickly and easily. 
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Appendix 2: ENG450 Engineering Internship Endorsement 
Industry and Academic Supervisor endorsement pro forma 
 
This is to be signed by both the industry and academic supervisor and attached to 
the final report submitted for the internship. 
 
 
 
We are satisfied with the progress of this internship project and that the attached 
report is an accurate reflection of the work undertaken. 
 
 
 
 
Signed: 
Industry Supervisor  
 
 
 
Signed: 
Academic Supervisor 
 
 